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was noted as early as three decades ago (Garland et al., 1985) , and supportive evidence has accumulated in the past decades (Gorham et al., 2007; Touvier et al., 2011) . In addition to the role in calcium metabolism, the active metabolite of vitamin D itself exerts pleiotropic effects of regulating genes responsible for cell proliferation, differentiation, angiogenesis, and apoptosis (Holick 2007) . Vitamin D receptor (VDR) is expressed in colorectal epithelium among other tissues, and may be directly or indirectly involved in colorectal carcinogenesis. Much attention has recently been drawn to potential associations of the VDR gene polymorphisms with colorectal cancer risk (Raimondi et al., 2009; Touvier et al., 2011; Bai et al., 2012; Nassiri et al., 2013) .
The VDR gene is located on chromosome 12q12-q14 and contains more than 60 single-nucleotide polymorphisms (Uitterlinden et al., 2004) . Of these, the FokI (rs2228570, formerly rs10735810) and BsmI (rs1544410) polymorphisms have most often been investigated in relation to colorectal cancer (Raimondi et al., 2009; Bai et al., 2012; Yu 2014) . The FokI polymorphism changes the location of the start codon and produces a 3 amino-acid longer VDR protein which are less functional (Uitterlinden et al., 2004) . The BsmI polymorphism is located at intron 8 near the 3' end of the gene. Also known, but less investigated, are the ApaI (rs7975232) at intron 8 and the TaqI (rs731236) at intron 9 (Touvier et al., 2011; Bai et al., 2012) . Functional property of these polymorphisms is not known, but they may be linked to the micro satellite repeat in the 3' untranslated region, which affects mRNA stability (Uitterlinden et al., 2004) .
Several meta-analyses consistently reported that the BsmI was associated with a decreased risk of colorectal cancer while the FokI was unrelated to colorectal cancer risk (Raimondi et al., 2009; Touvier et al., 2011; Bai et al., 2012; Yu et al., 2014) . A notable finding in these meta-analyses is that the associations with the FokI and BsmI polymorphisms varied substantially with studies. A limited number of studies have been reported on these two polymorphisms and colorectal cancer in Mongoloid Asians (Wong et al., 2003; Park et al., 2006; Li et al., 2009) . Furthermore, few studies have addressed the effect modification of calcium or vitamin D on the associations between the VDR polymorphisms and colorectal cancer, reporting inconsistent findings (Wong et al., 2003; Slattery et al., 2004; Theodoratou et al., 2008) . In the present study, we examined the associations of the above-described four VDR polymorphisms with colorectal cancer risk and the effect modifications of dietary calcium and vitamin D in the Fukuoka Colorectal Cancer Study ).
Materials and Methods
The present study used data of the Fukuoka Colorectal Cancer Study, which is a population-based case-control study of residents living in Fukuoka City and three adjacent areas. The study protocol was approved by the ethics committees of the Kyushu University Faculty of Medical Sciences and the participating hospitals. The study design and methods have been described in detail elsewhere .
Subjects
Cases comprised a consecutive series of patients with histologically confirmed incident colorectal adenocarcinomas who were admitted to two university hospitals or six affiliated hospitals for surgical treatment during the period October 2000 to December 2003. Eligible cases were aged 20-74 years at time of diagnosis, lived in the study area, and had no prior history of partial or total removal of the colorectum, familial adenomatous polyposis, or inflammatory bowel disease. Of the total 1,053 eligible cases, 840 cases (80%) participated in the interview, and 685 gave informed consent for genotyping.
Cases of colon and rectal cancers numbered 384 and 290, respectively; the remaining 11 cases had cancers at both sites.
Eligibility criteria for controls were the same as described for the cases except for two conditions, i.e., no prior diagnosis of colorectal cancer and age 20-74 years at the time of selection. A total of 1,500 persons living in 15 geographical areas were selected as control candidates by a two-stage random sampling, and were invited to participate in the study by mail. Of these, 833 persons participated in the survey, and 778 gave an informed consent for genotyping. The participation rate for the interview was 60% (833/1382), with 118 persons excluded in the denominator for death, migration from the study area, and other reasons .
Interview
Research nurses interviewed cases and controls in person regarding smoking, alcohol use, physical activity, and other factors using a questionnaire. The index dates were the date of onset of symptom or screening for cases and the time of interview for controls. Anthropometric questions inquired about height (cm), current body weight (kg), and body weight 10 years earlier. Body mass index (kg/m2) 10 years earlier was used in the analysis because current body mass index was unrelated to risk (Isomura et al., 2006) . Habitual alcohol consumption 5 years prior to the index date was ascertained. The amount of alcohol was expressed using the conventional Japanese units; one go (180mL) of sake, one large bottle (633mL) of beer, and half a go (90mL) of shochu were each expressed as one unit; and one drink (30mL) of whisky or brandy and one glass (100mL) of wine were each converted to half a unit. With regard to smoking, ever-smokers were asked about years of smoking and numbers of cigarettes smoked per day for each decade of life from the second to the last decade. Questions on physical activities elicited type of job (sedentary or standing work, work with walking, labor work, hard labor work, and no job), activities in commuting and housework shopping, and leisure-time activities 5 years before. As described in detail previously (Isomura et al., 2006) , leisure-time physical activity (including activities in commuting and housework shopping) was expressed as a sum of metabolic equivalents (MET) multiplied by hours of weekly participation in each activity, i.e., in MET-hours per week.
Dietary assessment
Consumption frequencies and portion sizes of 148 food/beverage items were ascertained by a computerassisted interview, and quantitative intake estimates were obtained for selected nutrients and food groups (Uchida et al., 2007) . Individuals were asked to report their usual consumption over the one year prior to onset of symptoms for cases or interview for controls. In a validation study of 28 control study participants who recorded their diets over a period of 7 days in 4 consecutive seasons, Pearson correlation coefficients of energy-adjusted intakes of calcium and vitamin D assessed by the food frequency questionnaire and diet record were 0.55 and 0.18, respectively. Nutrient intake per day was adjusted to VDR Gene Polymorphisms, Calcium/Vitamin D Intake and Colorectal Cancer Risk in Japan 2000 kcal using the regression residual method (Willett, 1990) . The associations of dietary calcium and vitamin D intake with colorectal cancer risk were reported previously (Mizoue et al., 2008) .
Genotyping
DNA was extracted from the buffy coat using a commercial kit (Qiagen, Hilden, Germany). The PCR-RFLP method was employed for genotyping. The PCR used 1μL of template DNA with a concentration of approximately 50-150ng/μl, and digested products were electrophoresed on an agarose gel.
The fragment containing the FokI polymorphic site was amplified by using the primers described elsewhere (Slattery et al., 2001) . Digestion of the 267-bp PCR product with FokI resulted in two fragments, 197-bp and 70-bp, when the FokI site was present. The allele was designated F (restriction site absent) or f (restriction site present), and three genotypes (FF, Ff, and ff) were determined. The 801-bp BsmI polymorphic site fragment was amplified by using the primers specified elsewhere (Slattery et al., 2001 ). The digestion resulted in two fragments, 477-bp and 336-bp, when the BsmI site was present. The resulting alleles were designated B OR, odds ratio; CI, confidence interval; *Number of the controls is the same as presented in Table 1 ; † Adjusted for sex, age, residence area, cigarette smoking, alcohol consumption, body mass index, type of job, leisure-time physical activity, and parental colorectal cancer (restriction site absent) or b (restriction site present), and three genotypes (BB, Bb, and bb) were determined. The amplification of a fragment containing the ApaI and TaqI polymorphic sites was carried out by means of a single PCR using the primers described previously (Habuchi et al., 2000) . Digestion with ApaI revealed genotypes denoted AA (501 bp), Aa (501, 284, and 217 bp), or aa (284 and 217 bp), and digestion with TaqI revealed genotypes denoted TT (494 bp), Tt (494, 293, and 201 bp), or tt (293 and 201 bp) .
Statistical analysis
Comparison of means, medians, and proportions between cases and controls were carried out by t-test, Wilcoxon rank sum test, and chi-square test, respectively. The associations of the VDR polymorphisms or nutrients with colorectal cancer were assessed by using odds ratio (OR) and 95% confidence interval (CI), which were obtained from logistic regression analysis. The 95%CI was derived from the standard error of the logistic regression coefficient. Statistical adjustment was made for sex, 5-year age class (starting with the lowest class of <45 years), residence area (Fukuoka City or the adjacent areas), body mass index 10 years ago (< 22.5, 22.5-24.9, 25.0-27.4 , or ≥27.5kg/m 2 ), smoking (0, 1-399, 400-799, or ≥800 cigarettes-years), alcohol intake (0, 0.1-0.9, 1.0-1.9, or ≥2.0 units/day), type of job (sitting or standing work including no job, work with walking, or labor work), leisure-time physical activity (0, 1-15.9, or ≥16 METhours/week), and parental history of colorectal cancer.
In the analysis on the gene-nutrient interaction, the subjects were classified into three categories with respect to calcium or vitamin D intake using the tertiles among the controls. The trend in the OR associated with calcium or vitamin D was assessed by the Wald statistic with ordinal values assigned to the three categories. The effect modifications of calcium or vitamin D intake on the associations with the polymorphisms were assessed by the likelihood ratio test, comparing a model including interaction terms with one that only included the main effects.
Deviation from the Hardy-Weinberg equilibrium was evaluated by chi-square test with one degree of freedom. Statistical significance was declared if a two-sided P-value was less than 0.05. Statistical analyses were carried out using SAS version 9.2 (SAS Institute, Cary, NC), except for the Hardy-Weinberg equilibrium which was assessed by using Stata version 10 (StataCorp, College Station, TX).
Results
Demographic and lifestyle characteristics of the study subjects have been described previously (Morita et al., 2009; Morita et al., 2013) . Females numbered 259 (37.8%) in the cases and 288 (37.0%) in the controls (p=0.75). Mean ages were 60.2 years (SD 9.1 years) among the cases and 58.6 years (SD 10.7 years) among When the analysis was done separately for colon and rectal cancer (Table 2) , a modest decrease in the risk of colon cancer, not of rectal cancer, was noted for the FokI Ff and ff genotypes combined (p=0.07). A decreased risk of rectal cancer associated with the ApaI Aa and AA genotypes combined was statistically significant (p=0.04). Table 3 summarizes the effect modification of calcium and vitamin D each on the association between each polymorphism and colorectal cancer risk. In this analysis, individuals with one or two minor alleles were combined for stability of the estimates. Adjusted OR (95%CI) of colorectal cancer for the first, second, and In the low and intermediate categories of calcium and vitamin D intake, the OR did not much differ from unity. In the high intake of calcium, the ApaI polymorphism was associated with an evident decrease in the risk of colorectal cancer, showing a nearly significant interaction (p=0.055). A decreased risk associated with the ApaI polymorphism was also slightly more evident in the high category of vitamin D intake although the interaction was far from statistical significance. There was a suggestive, differential decrease in the risk associated with the FokI polymorphism according to vitamin D intake.
The effect modifications of dietary calcium and vitamin D were separately evaluated for colon cancer (Table 4) and rectal cancer (Table 5) . Calcium intake tended to be associated with decreased risks of both colon cancer (trend p=0.06) and rectal cancer (trend p=0.10), and vitamin D intake was more strongly associated with decreased risks of colon cancer (trend p=0.004) and rectal cancer (trend p=0.06). None of the interactions tested was statistically significant for either colon or rectal cancer. However, a decreased risk of colon cancer associated with the ApaI polymorphism was noted among individuals with the high intake of calcium or vitamin D. A similar tendency toward such an effect modification was suggested for rectal cancer 
Discussion
The present study indicated that the ApaI polymorphism was associated with a decreased risk of colorectal cancer, particularly of rectal cancer. Calcium appeared to modify the association between ApaI polymorphism and colorectal cancer. The FokI polymorphism seemed to be associated with a decreased risk of colon cancer, especially among individuals with high intake of vitamin D. Neither BmsI nor TaqI polymorphism was associated with the risk of colorectal, colon, or rectal cancer. Nor was an effect modification of either calcium or vitamin D intake observed on the associations with these polymorphisms.
The BmsI BB genotype is considered to confer a modest decrease in the risk of colorectal cancer at least among Caucasians (Raimondi et al., 2009; Touvier et al., 2010; Bai et al., 2012; Yu 2014) . It would be difficult to observe such a modest decrease in the Japanese population, in which the BmsI BB genotype is rare as observed in the present study. It was recently reported that BmsI BB and Bb genotypes were each associated with a substantial decrease in the risk of colorectal cancer in a meta-analysis of three Asian studies (Yu et al., 2014) . The three studies were case-control studies in Korea (Park et al., 2006) , China (Li et al., 2009) , and Iran (Mahmoudi et al., 2011) . The Korean and Iranian studies found no association with the BsmI polymorphism at all, while the Chinese study showed an OR of 0.02 for the BB genotype and an OR 0.10 for the Bb genotype as compared with the bb genotype (Li et al., 2009 ). In the Chinese study, however, the distribution of BsmI genotypes in the controls was rather aberrant; the proportions of the bb, Bb, and BB genotypes were 11.0%, 30.0%, and 59.0%, respectively, while the corresponding values in the cases were 73.5%, 20.5% and 6.0%, respectively. The results from the Chinese study (Li et al., 2009 ) should be interpreted with caution.
The ApaI polymorphism has been unrelated to colorectal cancer in the meta-analyses mostly of Caucasian studies (Touvier et al., 2011; Bai et al.,2012) . In a Korean study of 190 colorectal cancer cases and 318 healthy controls (Park et al., 2006) , the crude OR for the ApaI Aa aand AA genotypes combined was 1.48 (95%CI 1.03-2.13), as compared with the ApaI aa genotype. The present finding on the ApaI polymorphism is apparently contradictory to the previous observation, but deserves further investigation. The FoxI polymorphism has generally been unrelated to colorectal cancer risk (Touvier et al., 2011; Bai et al.,2012) , whereas an earlier study reported an increased risk of colorectal cancer associated with this polymorphism (Wong et al., 2003) . The present finding that the FoxI polymorphism was associated with a modest decrease in the risk of colon cancer is compatible with the observation in the Korean study, in which the decrease was more substantial (Park et al., 2006) . A recent study showed no material association between the FoxI DOI:http://dx.doi.org/10.7314/APJCP.2015.16.5.2019 VDR Gene Polymorphisms, Calcium/Vitamin D Intake and Colorectal Cancer Risk in Japan polymorphism and colorectal cancer in Kashmir (Rasool et al., 2013) . Again, more studies are needed. The lack of association for the TaqI polymorphism is consistent with previous reports (Touvier et al., 2011; Bai et al.,2012; Atoum and Tchoporyan, 2014) .
A limited number of studies addressed the interaction between the VDR polymorphisms and colorectal cancer with stratification by calcium or vitamin D intake. A study in the United States suggested that the BsmI BB genotype was associated with a decreased risk of rectal cancer, not of colon cancer, when calcium intake was low (Slattery et al., 2004) . On the other hand, the FokI polymorphism was associated with an increased risk of colorectal cancer when calcium intake was low in Singapore Chinese (Wong et al., 2003) . This observation regarding the FokI was not replicated in Scotland (Theodoratou et al., 2008) ; the risk was nonsignificantly lower for FokI ff genotype, but not for the Ff genotype, as compared with the FF genotype when calcium or vitamin D intake was low. The present study suggested an interaction between calcium intake and the ApaI polymorphism, but the Scottish study did not observe such an interaction on colorectal cancer risk (Theodoratou et al., 2008) . Results from few studies of colorectal adenomas are also inconsistent regarding Taq I and serum 25-hydroxyvitamin D (Peters et al., 2004; Yamaji et al., 2012) . Results on the gene-nutrient interaction are necessarily more liable to fluctuation, and further studies are needed to clarify the interaction between the VDR polymorphisms and calcium or vitamin D on colorectal cancer risk.
It is well known that the VDR gene polymorphisms show a wide ethnic variation (Zmuda et al., 2000; Uitterlinden et al., 2004) . While the FokI variant allele (f allele) is more frequent in Asians than in Caucasians, the BsmI variant allele (B allele) is much less frequent in Asians than in Caucasians. The observed frequencies of the variant alleles of the FokI, BsmI, ApaI, and TaqI polymorphisms are in agreement with those reported elsewhere in Japan (Habuchi et al., 2000; Yamaji et al., 2012) . One study reported that frequencies of the BsmI B, ApaI A, and TaqI t alleles were 0.179, 0.324 and 0.118, respectively (Habuchi et al., 2000) , and the other described the frequencies of FokI f and TaqI t alleles as 0.365 and 0.123, respectively (Yamaji et al., 2012) .
Use of community controls, ethnic homogeneity, and evaluation of the gene-nutrient interaction are among strengths of the present study. A relatively low validity of the estimated dietary vitamin D is a weakness in the present study, although the present study found an inverse association between vitamin D intake and colorectal intake. Vitamin D status depends on the degree of sun exposure, and circulating levels of vitamin D is a better parameter of vitamin D status. While the study size was fairly large, the number of the subjects was not large enough to investigate the effects of homozygous genotype of the infrequent variant alleles such as the BsmI BB and Taq ff genotypes.
In summary, a case-control study in Japan suggested a possible decrease in the risk of colorectal cancer associated with the ApaI polymorphism in the VDR gene, dependent on dietary calcium intake.
